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ABSTRACT
Vegetation and Soil Relationships of Interdunal Depressions in the Nebraska
Sandhills Prairie
Danica M. Kochis-Belleque, MA 
University of Nebraska, 2000 
Advisor: Dr. Thomas B. Bragg
Vegetation and soils of interdunal depressions were compared to those of adjacent 
north-facing slopes that represent the upland matrix of the Nebraska Sandhills Prairie. 
Data from canopy cover and biomass show interdunal depressions to be more variable in 
species composition but significantly lower in diversity than north-facing slopes (IT = 
1.294 and 1.451, respectively). Significant differences (P < 0.05) were observed for total 
plant cover (95% depression, 87% slope), grass cover (80% and 69%), total plant 
biomass (150 g/m2 and 120 g/m2), and grass biomass (110 g/m2 and 70 g/m2). Below-
ij
ground biomass was higher in depressions, although not significantly so (8 g/m and 3 
g/m2). The plant communities of depressions were dominated by Scribner’s 
dichanthelium {Dichanthelium oligoscmthes var. scribnerianum) (32% cover), sedges 
(Carex spp. and Cyperus schweinitzii) (27% cover), little bluestem (Andropogon 
scoparius) (21% cover), and white sage (Artemisia ludoviciana) (19% cover). Little 
bluestem (27% cover), western ragweed (Ambrosia psilostachya) (17% cover), and 
junegrass (Koeleriapyramidata) (13% cover) dominated slope communities.
Significant (P < 0.05) differences between depressions and slopes were recorded 
for soil moisture (3% and 2%), soil organic matter (2% and 1%), depth of humic acid 
staining (120 cm and 40 cm), and 3 of 7 soil particle sizes, including silt. Most of the 19 
elements tested had higher concentrations in depressions, but significant differences were 
recorded for iron, potassium, manganese, silicon, and zinc. Significantly higher 
proportions o f small mineral soil particles, organic matter, and nutrients suggest that 
depressions may act as a regional sink for air-borne particulates that, in combination with 
higher soil moisture, support a substantially different plant community than the 
surrounding prairie matrix. Thus, interdunal depressions appear to contribute 
significantly to the landscape-level diversity of the Sandhills Prairie ecosystem.
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INTRODUCTION
The 5 million ha Nebraska Sandhills Prairie (Andropogon-Calamovilfa) (Kiichler 
1964) is an area comprised of grass-stabilized eolian sand dunes and interdunal valleys 
that vary in size from 3-4 meter-diameter depressions to broad valleys (Bleed and 
Flowerday 1990). The Sandhills are estimated to be 8,000 years old, although they were 
stabilized only during the last 1,500 years.
Plant communities o f the Sandhills may be categorized into five principal ‘range 
sites’: wetland, subirrigated meadow, dry valley, choppy sands and rolling sands 
(Burzlaff 1962, Kuzila 1998). ‘Range sites’ are generally defined as distinct topoedaphic 
features of the landscape that support native plants. Approximately 90% of the Sandhills 
consists o f uplands of choppy sands and rolling sands with the remainder mostly 
subirrigated meadows with some wetlands. Since most Sandhill range sites are unstable 
when the surface is broken, the region is managed primarily as rangeland.
The Sandhills Prairie is classified as a mixed-grass prairie, characterized by plant 
species also occurring in tallgrass, mixed-grass, and shortgrass prairies adjacent to the 
Sandhills (Barnes et al. 1984). Compared to the other grasslands, diversity in the 
Sandhills is considered to be low (Kaul 1990) although, within the Sandhills, the 
diversity on dune slopes and uplands is higher than in valleys and depressions (Bragg
1978). The Sandhills Prairie uplands are variously dominated by prairie sandreed 
{Calamovilfa longifolia), sand bluestem (Andropogon hallii), little bluestem (Andropogon 
scoparius\ blue grama {Bouteloua gracilis), hairy grama (Bouteloua hirsuta), needle-
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and-thread (Stipa comata), sand lovegrass {Eragrostis trichodes), and sand dropseed 
(Sporobolus cryptandrus) (Rydberg 1895, Pool 1914, Bragg 1978, Barnes e ta l  1984, 
Bragg 1998). Sedges (Carex spp.) are ubiquitous but comprise only a small proportion 
of the total standing crop. Forbs, which as a group contribute most to a grassland 
community’s diversity, are numerous in uplands averaging 8-42% canopy cover (Bragg
1998). Dominant upland forbs include western ragweed {Ambrosia psilostachya), gay- 
feather {Liatris squarrosa), and sunflowers {Helianthus spp.). In contrast to upland 
topographic settings, interdunal depressions have not been well studied. In the western 
Sandhills, Bragg (1978) found this community to be dominated by white sage {Artemisia 
ludoviciana), sedges, prairie sandreed, and cheat grass {Bromus tectorum). Barnes et al. 
(1984), in a comparable region of the Sandhills, noted a similar result for interdunal 
depressions during their evaluation of plant community composition along a topographic 
gradient, from depression to upland. They attributed community differences to different 
rooting morphologies, water-use, and soil-moisture variations across space.
This study seeks to expand our understanding of the heterogeneity of the 
Sandhills Prairie by specifically contrasting the plant community of the interdunal 
depressions to the surrounding, upland-community matrix using soil data to attempt to 
explain any differences. I hypothesized that depressions and slopes would differ in both 
plant species composition and biomass and in physical and chemical characteristics of the 
soil.
3
METHODS
Study Site.-- My study was conducted at the 22,000 ha Niobrara Valley Preserve 
headquartered in Brown County, Nebraska (43 °N lat., 100 °W long.), approximately 23 
km east o f Valentine (Fig. 1). The preserve, owned and managed by The Nature 
Conservancy, incorporates a wide array of ecological communities (Kaul et al. 1988). 
Average temperatures for the region vary from -5  C in January to 24 C in July (National 
Oceanic and Atmospheric Administration 1984). Annual precipitation averages 560 
millimeters, most o f which is received during the summer months (Voightlander et al. 
1992).
Within the preserve, two replicate sites were identified for this study, the East site 
(42.7 °N lat., 100.01 °W long.) and the West site (42.8 °N lat., 100.2 °W long) (Fig. 1). 
These replicates, selected for their similar geomorphology, were situated approximately 
12 km apart. The East replicate was within an area protected from cattle grazing since at 
least 1976. The West replicate was situated within a larger area that has been grazed for 
decades, although the specific location of the study site was not easily accessible to cattle 
and thus grazing intensity has been low.
Field Methods.— Within each of the East and West replicate sites, thirteen topoedaphic 
complexes were identified (Appendix Table 1, Appendix Fig. la-lc). Complexes were 
chosen because they contained both an interdunal depression of sufficient size to 
accommodate sampling requirements and an adjacent north-facing slope against which to
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evaluate differences. Due to lack of availability, all available complexes at each site were 
required for the study. The number of complexes evaluated at a replicate site (i.e. 
thirteen) was selected so as to provide a reasonable representation of that site’s 
characteristics but with the specific intent that, the total number of complexes sampled in 
the study (i.e. twenty-six) would provide an adequate number for statistical comparisons 
within time and financial limitations. North-facing slopes were selected over other slopes 
because they tend to have lower woody plant cover (Bragg 1998) and because they were 
available at all topoedaphic complexes.
Within each of the twenty-six complexes, one 0.5 m2 (0.5 ■ 1.0 m) quadrat was 
centrally located at what appeared to be the lowest point o f the depression that was 
dominated by herbaceous vegetation. A second 0.5 m2 quadrat was located at a point 
half-way between the center of the depression and the closest hilltop to its south. Each 
quadrat was georeferenced for future relocation using a Magellan© GPS unit (Appendix
  sy
Table 1). Both plant and soil data were collected from within each of the 0.5 m plots.
The plant community was sampled by evaluating total canopy cover and, 
individually, the canopy cover o f green plant biomass, litter, bare soil, plant-group (i.e. 
grass, forb, and woody components), and individual species. Species nomenclature 
follows the Great Plains Flora Association (1986). Canopy cover procedures were 
modified from Daubenmire (1959) using nine cover values: 0%, <1%, 1-5%, 5-25%. 25- 
50%, 50-75%, 75-95%, 95-99%, and >99%. In addition to canopy cover, the proportion 
of current-year’s biomass (i.e. the proportion of green plant biomass) attributed to each 
species and to each plant group was visually assessed using the same percent categories
6
used for plant cover (Bragg 1998). After cover and biomass-estimate data were collected 
from a plot, all plant material was clipped as close to the soil surface as practical and 
collected for subsequent treatment in the lab. *
After removal of above-ground plant matter, root and soil samples were collected 
from each plot. For the root sample, a soil auger was used to extract a 264 cm3 (4.7 cm 
dia. • 15.2 cm ht) core from the center of the plot. This soil-core was placed in a paper 
sack for subsequent separation of root biomass in the lab. The plot was then divided into 
quarters for soil sampling. A soil core, 200 cm-long, was extracted from the center of 
one of the plot quarters and the depth to which the darkened soil extended recorded in 20 
cm increments numbered from 1 (surface) to 10 (deepest). Soil darkening, determined 
visually, was presumed to be humic-acid-staining. From a second quarter of each plot, a 
264 cm3 core was extracted and the soil placed in sealable plastic bags for subsequent lab 
analysis of pH, soluble salts, percent organic matter, and texture, to include sand particle 
size distribution. This procedure was repeated in a third quarter but with the soil core 
subsequently used in the lab to assess porosity, percent moisture, and bulk density. In the 
last quarter, the same procedure was used except that the soil core was placed in a paper 
bag, air-dried for 24 hours, and then transferred to soil testing boxes. The boxes then 
were sealed in plastic bags and sent to the Soil and Plant Analysis Laboratory at the 
University of Nebraska at Lincoln for standard tests of macro- and micronutrients.
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Laboratory Methods
Plant Matter.— Above-ground plant matter was divided into current and past year’s 
growth. Current year’s material was further separated into grass, forb, and woody plant 
categories. This material was then dried in a forced-air oven at 60 °C for 24 hours and 
the final weights used in biomass analysis.
Roots were extracted from root-soil cores in a series of steps. First a core was 
passed successively through three sieves: 5.2 mm, 2 mm, and 0.5 mm mesh (Bohm,
1979). Roots were then removed from each sieve by hand. All extracted roots then were 
placed on six layers of oven-dried and pre-weighed cheesecloth and flushed with tap 
water to wash away any remaining fine mineral soil. After oven-drying at 60 °C for 24 
hours, the cheesecloth-root sample was weighed and the difference between pre- and 
post-extraction weights used to record root mass for the core. Total root mass collected 
was used as a relative estimate of living root mass since other studies indicate that only 
26-53% of this mass may be functional (e.g. page 173, Risser e ta l  1981).
Soil.— Soil characteristics evaluated were divided into two categories, physical and 
chemical. Physical parameters included texture and sand-particle size distribution, 
organic matter, bulk density, porosity, soil moisture, and depth of humic acid staining. 
Chemical parameters included pH and electrical conductivity. These parameters were 
measured because each represents a soil characteristic that has the potential to have an
8
impact on plant growth, either directly or indirectly, through the ability of soil to hold 
gravimetric water or through physiological stress that may affect water uptake.
pH was measured using the 2-to-l Method, texture was evaluated using the 
Settling Velocity Method, and dry sieve analysis was conducted at whole phi intervals 
(standardized sand sizes), all using procedures described by Liegel et al. (1980). Soluble 
salts were measured using the 2-to-l Electrical Conductivity M ethod adapted from KEL 
Instrument Company (undated). Organic matter was measured using Low Temperature 
Ignition (Black 1965) and bulk density, porosity, and percent moisture procedures 
followed methods adapted from Donahue et al. (1977).
Nutrients tested by the Soil and Plant Analysis Laboratory at the University of 
Nebraska at Lincoln included nitrate nitrogen (NO3), cobalt (Co), chromium (Ch), nickel 
(Ni), titanium (Ti), vanadium (V), aluminum (Al), magnesium (Mg), sodium (Na), 
phosphorus (P), silicon (Si), calcium (Ca), chlorine (Cl), potassium (K), sulfur (S), 
manganese (Mn), iron (Fe), copper (Cu), and zinc (Zn).
Macronutrients (NO3 , Ca, K, Mg, P, and S) were evaluated because, if missing, 
they seriously inhibit a plant’s life cycle and metabolism, and thus may explain 
differences in standing crop and species composition (Morgan undated). Micronutrients 
(Cl, Fe, B, Mn, Zn, Cu, Co, Ni, Si, Na, and V) were evaluated because they are 
considered either essential or beneficial, depending on the requirements o f individual 
plant species. Essential elements are those required for normal plant growth. Beneficial 
elements are those that can compensate for toxic effects of other elements or that can 
replace mineral nutrients. A few of the elements evaluated may be toxic rather than
9
technically defined as either essential or beneficial but they are included here since they 
were evaluated as part of the standard soil test package. Appendix Table 2 lists 
information relevant to this study about each of the nutrients that were tested. Total 
elemental analysis for most chemicals was by X-ray using methods from Clark et a l 
(1981) and Knudsen et al. (1981). Nitrate nitrogen evaluation was also done at the Soil 
and Plant Analysis Laboratory using Recommended Chemical Soil Test Procedures 
(Dahnke 1980).
Statistical Analysis.-- Community-level analyses of plant species composition were 
conducted both by calculating species diversity values and by ordination of data using 
Principal Components Analysis. Species diversity was measured first by noting Species 
Richness (S) (i.e. the number of species occurring at a topographic setting) and then by 
calculating Shannon-Wiener Diversity Indices (IT) (Magurran 1988). This is a 
dominance-concentration index of alpha-diversity that, in this study, was based on 
canopy cover values for each species. Statistically significant differences in species 
diversity between depressions and slopes were calculated from the Shannon-Wiener 
Diversity Index values following procedures described in Zar (1999). Ordination plots, 
by quadrat, were based on Beta-diversity calculations incorporated in the analysis 
(McCune et a l 1997). Principal Components Analysis was chosen over other ordination 
methods because its Euclidean features are preferable in studies incorporating short 
gradient lengths in which species response may be assumed to be linear (ter Braak and
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Prentice 1988). While not providing statistical comparisons, ordination provides insight 
on differences such as, in this study, between depressions and slopes.
Individual species and soil data were first used to calculate mean and standard 
errors (SE). These data were then evaluated using a two-factor randomized design 
ANOVA (Zar 1999). Results from this test showed interaction among sites for only two 
of the thirty-eight parameters evaluated (magnesium and zinc) which, given the large 
number of variables, may have occurred by chance alone. Because of the absence of a 
substantial number of interactions, data from East and West replicates were combined in 
all subsequent analyses except soil moisture. Due to the uneven distribution of rainfall 
across the landscape in any precipitation event, comparing soil moisture between 
replicates would not have been meaningfiil. Instead, soil moisture differences between 
depressions and slopes were compared separately for each replicate using a t-Test (Zar
1999). Statistically significant differences for all analyses were based on a 95% 
probability (P < 0.05).
In order to identify relationships that may explain differences in plant and soil 
parameters, regressions were conducted between total plant biomass and those soil 
parameters that differed significantly between depressions and slopes (Table 1, Appendix 
Table 3). Total plant biomass, rather than species biomass, was used in regressions 
because it was considered to be more sensitive to soil variations. In the absence of any 
substantive results from regressions, correlations were run between the same parameters 
to identify any trends that may be used to infer some relationship between plant and soil 
characteristics of depressions and slopes.
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Table 1. Regression and correlation results from comparisons between total plant biomass 
and each of the soil parameters with significant differences between depressions and 
slopes.________________________________________________________________________
Regression Results Correlation Results
Pairing r2 r
Total biomass vs. soil moisture 0.0242 0.1556
Total biomass vs. percent organic matter 0.0021 0.0454
Total biomass vs. pan 0.3889 0.6236
Total biomass vs. Mn 0.2041 0.4517
Total biomass vs. Fe 0.2176 0.4664
Total biomass vs. K 0.0331 0.182
Total biomass vs. Si 0.0428 -0.2069
Total biomass vs. Zn 0.3829 0.6188
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Results and Discussion
Vegetation: Community-level and vegetation categories.— At the plant-community 
level, significantly higher diversity was found on north-facing slopes than in depressions 
(Table 2), results consistent with those of Bragg (1978). In addition, results from 
ordination by quadrat show the composition of plant diversity to be substantially more 
variable in depressions than on north-facing slopes (Fig. 2).
An assessment of cover and biomass data from general vegetation categories 
suggests that environmental conditions in the depressions are more suitable than slopes 
for maximizing net community primary production. For example, results showed 
significant differences (P < 0.05) between depressions and slopes for total plant cover 
(95% for depressions and 87% for slopes), grass cover (80% vs. 69%), total biomass 
(151.2 g/m2 vs. 119.6 g/m2), and grass biomass (110.8 g/m2 vs. 69.2 g/m2), with higher 
values in all cases occurring in the depressions (Table 2, Fig. 3), Not unexpectedly, bare 
soil averaged significantly lower in depressions (24% vs. 44%).
A positive relationship between total above-ground plant biomass and total root 
biomass was among expected results that were not observed. Although both above­
ground and below-ground biomass were higher in depressions, only the above-ground 
component differed significantly (Table 2). This result may reflect reality or it may be a 
consequence of some other factor, such as the soil extraction protocol that did not sample 
sufficiently deep in the soil horizon to obtain the full array of roots in this ecosystem of 
typically deep-rooted plants. It may also reflect that fact that current year’s root mass
Table 2. Diversity and plant canopy cover (%) and biomass (g) (mean ±  SE) of 
depressions and slopes (mean ±  SE). n = 26. * = significant differences between row 
values (t-Test, P < 0.05). There were no significant site by topographic interactions for 
these parameters (See Appendix Table 3). H' (cover) = Shannon-Wiener Index based on 
species cover data.____________________________________________________________
Diversity Indices Depression
North-facing
Slope Results
H'(cover) 1.294 1.451 *
Species Richness 31 45
North-facing
Plant Parameter Depression Slope P-value
Vegetation Cover (%)
Total Cover 95 ±  0.8 87 ±  2.2 P=0.0032*
Total Green 95 ±  0.8 90 ±  2.6 P=0.0794
Grass 80 + 3.5 69 + 3.0 P=0.0294*
Forbs • 43 ±  4.2 41 + 4 .0 P=0.7425
Woody 4 ±  1.3 8 + 2.7 P=0.1782
Litter 42 ± 4.0 40 + 4 .0 P=0.7002
Bare 24 + 3.8 44 + 3.8 P=0.0004*
Vegetation Biomass (g/m2) 
Total Green Biomass 151.2+62.00 119.6 + 41.40 P=0.0371*
Grass 110.8+64.46 69.2 ±31.92 P=0.0052*
Forbs 35.6 ±26.52 36.6 ±25.12 P=0.8803
Woody 4.4+10.12 13.8 ±25.92 P=0.0973
Litter 114.8+15.88 78.4 ±  11.44 P=0.0697
Root 7.4 + 6.52 6.6 + 4.12 P=0.5901
14
CNI
Axis 1
Fig. 2. Ordination plot from Principal Components Analysis based on species canopy 
cover. Open triangles are depression plots and shaded triangles are slope plots. Axis 1 
and Axis 2 explain 52% of the results.
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Fig. 3. General vegetation categories (mean ± SE) that differ significantly between 
topoedaphic settings. Total cover, grass cover, and bare soil are percentages from canopy 
cover measurements. Biomass measurements are from clipped plant material.
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was not separated from the total root mass, a separation that was made for the above­
ground component. Living-dead root separation was not conducted due to the difficulty 
in doing so (Bohm 1979) and because the time required was not warranted since relative 
values were sufficient to meet the requirements o f the hypothesis being tested.
Species-level— Of the 48 species found within the study quadrats, differences in cover 
and biomass between depressions and slopes were significant for only seven: sedges 
{Carex spp.), umbrella sedge (Cyperus schweinitzii), Scribner’s dichanthelium 
{Dichanthelium oligosanthes var. scribnerianum), plains sunflower {Helianthus 
petiolaris), junegrass {Koeleria pyramidata), skeletonweed (Lygodesmia juncea), and 
sand dropseed (Table 3). For western ragweed and white sage, significant differences 
were noted for cover but not biomass, perhaps due to sampling error but more likely 
because both species were characterized by high cover with low biomass..
While their plant composition was highly variable across the landscape (Fig. 2), 
depressions were generally dominated by Scribner’s dichanthelium (32% cover and 26% 
biomass), sedges (Carex spp., 28% cover and 11% biomass and Cyperus schweinitzii, 
26% cover and 10% biomass), little bluestem (21% cover and 12% biomass) and white 
sage (19% cover and 11% biomass) (Table 3, Fig. 4). Slope communities, less variable 
in species composition than depressions, were dominated primarily by little bluestem 
(27% cover and 14 % biomass), western ragweed (17% cover and 12% biomass), 
junegrass (13% cover and 8% biomass) and sand dropseed (10% cover and 3% biomass), 
of which all but little bluestem were significantly higher on slopes. Plains sunflower (8% 
cover and 5% biomass) and skeletonweed (2% cover and 0.3% biomass) also were
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Species
Fig. 4. Mean canopy cover (+ SE) of plant species that differ significantly between
depressions and slopes (t-Test, P < 0.05). Ambpsi = Ambrosiapsilostachya, Artlud = 
Artemisia ludoviciana, Carex = Car ex spp., Cypsch = Cyperus schwienitzii, Dicoli = 
Dichanthelium oligosanthes var. scribnerianum , Helpet = Helianthus petiolaris, Koepyr 
= Koeleria pyramidata, Lygjun = Lygodesmia juncea, Spocry = Sporobolus cryptandrus.
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significantly higher on slopes although they were not among those species with high 
cover values.
Characteristic rooting morphology of dominant species suggest some explanations 
for the differences in species composition between depressions and slopes, results also 
suggested by Barnes et al. 1994. For example, in depressions, the rhizomatous rooting 
morphology of dominant species such as sedges and white sage, in combination with the 
comparatively higher soil moisture (Table 4), may explain the high cover of these species 
in this topoedaphic location. The plant with the highest cover in depressions, Scribner’s 
dichanthelium, however, is not a rhizomatous species but its shallow root system relative 
to other native plants would also seem best suited to the more mesic conditions of 
depressions. Similarly, significantly high cover of umbrella sedge in depressions, with its 
bulbiferous rooting morphology, is consistent with its affinity for moist conditions (Great 
Plains Flora Association 1986). In contrast, deep-rooted dominant species of the slopes, 
such as little bluestem, sand dropseed, plains sunflower, and skeletonweed, should be 
better suited to accessing the deep soil moisture that typifies the more xeric sites of the 
Sandhills uplands (Johnsgard 1995).
Soil: The combined dominance of rhizomatous or shallow-rooted plants in depressions 
and deeper-rooted plants on slopes suggests the possibility that some physical or 
chemical characteristic of soil may explain differences between these topoedaphic 
locations.
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Table 4. Soil data (mean ±  SE) for slopes and depressions, n = 26. * = significant 
difference between row data from t-Tests (P < 0.05); ** = significant site X topographic 
interaction from an ANOVA (P < 0.05). See Appendix Table 3 for individual site data.
North-facing
Soil Parameter___________________ Depression__________ Slope_________ P-value
Soil Physical Characteristics
Bulk Density (g/cm3) 1.44 ±0.146 1.51 ±0.088 P=0.0635
p H 6.06 + 0.304 6.14 ±0.186 P=0.2930
Moisture ( % )  (all combined) 2.90 ±  1.789 1.92 ±  1.127 P=0.0237*
East 3.94 + 0.181 2.78 ±0.073 P=0.0321*
West 1.85+0.150 1.06 ±0.008 P=0.0694
Organic Matter (%) 1.50 ±0.658 1.15 ±0.242 P=0.0154*
OM Depth (cm) 120 ±38.8 40 ±  32.6 P=1.68E-10*
Porosity (%) 45.4 ±5.54 42.9 ±3.30 P=0.0631
Sol. Salts (mmhos/cm) 0.09 ±  0.009 0.09 ±  0.009 P=0.8827
Texture
Clay 0 ± 0 .0 0 ± 0 .0 P= 1.0000
Silt 3.04 ±0.798 0.23 ±0.080 P=0.0017*
Sand 96.95 ±0.798 99.76 ±  0.080 P=0.0017*
Sieve Analysis (% of total sand fraction)
Phi -1 (largest) 0.01 ± 0.049 0.005 ±  0.0254 P=0.5936
Phi 0 0.24 ±0.134 0.22 ±0.140 P=0.4898
Phi 1 3.34 ±1.536 2.49 ±  1.224 P=0.0318*
Phi 2 33.22 ±5.974 31.98 ±6.958 P=0.4927
Phi 3 49.54 ±4.186 53.06 ±5.258 P=0.0103*
Phi 4 9.98 ±3.496 9.97 ±3.509 P=0.9877
Pan (smallest) 3.87 ±  1.891 2.36 ±  0.080 P=0.0006*
Soil Chemistry
A1 (%) 3.92 ±0.198 3.84 ±0.235 P=0.2417
Ca (%) 0.74 ±  0.045 0.76 ±  0.035 P=0.1298
Ch (ppm) 4.46 ±  5.826 5.2 ±6.19 P=0.6601
Cl (%) 0.003 ±  0.0020 0.004 ±0.0035 P=0.0728
Co (ppm) 3.81 ± 1.339 3.52 ±  1.041 P=0.3966
Cu (ppm) 5.34 ±2.327 4.22 ±  1.619 P=0.0501
Fc (%) 0.56 ±0.110 0.50 ±  0.099 P=0.0432*
K (%) 1.28 ±0.083 1.22 ±0.084 P=0.0154*
Mg (%) 0.24 ± 0.074 0.22 ±  0.080 P=0.3093**
Mn (ppm ) 183.33 ±  50.973 153.96 ±  46.308 P=0.0343*
Na (%) 0.60 ±  0.366 0.82 ±  0.443 P=0.0539
Ni (ppm) 5.22 ±2.247 4.7 ±  1.89 P=0.3691
N03 (ppm) 0.86 ± 0.430 0.69 ±  0.244 P=0.0993
P(%) 0.059 ±  0.0048 0.057 ±  0.0040 P=0.0562
S (%) 0.028 ±  0.0060 0.027 ±  0.0035 P=0.4241
Si (%) 23.07 ±0.852 22.58 ±  0.670 P=0.0283*
Ti (%) 0.16 ±0.028 0.18 ±0.044 P=0.5091
V (ppm) * 0.0 + 0.00 0.0 ±0.00 P= 1.0000
Zn (ppm) 17.99 ±  5.926 13.48 ±2.984 P=0.0013* **
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Soil Physical P a ra m e te r sO f all physical parameters evaluated, significant differences 
between depressions and slopes were noted for soil moisture, soil organic matter, depth 
of humic acid staining, and 3 of 7 particle sizes including the smallest (pan) (Table 4). 
These results suggest at least some significant differences in soil physical parameters 
between depressions and slopes, most of which, to one extent or another, are associated 
with soil moisture.
Soil moisture, reflecting the net effect of a variety of factors, was higher in 
depressions (3%) than on slopes (2%) although it differed significantly only in the eastern 
replicate (East: P = 0.0321, West: P = 0.0694) (Table 4). This between-site difference 
most likely reflects the significant rainfall event that occurred between the times that the 
western and the eastern replicates were sampled.
Particle size is one of several soil parameters that affect the ability of soil to retain 
water. Mineral soil particle-size analysis within topoedaphic complexes differed 
significantly with, for example, the large-sized sand component higher on slopes and the 
smaller-sized silt higher in depressions (Table 4, Fig. 5). Moreover, sand grain-size 
analysis, which separates sand-sized particles into decreasingly smaller categories, 
yielded significantly higher values in depressions for Phi 1, Phi 3, and pan, the latter 
containing the smallest of sand-sized particles. This accumulation of fine sand particles 
in depressions is most likely related to dune movement patterns and to the fact that winds 
slow in the depressions allowing fine particles to settle out and not be blown further.
Clay, the finest of soil textural classes, was not detected in any sample, slope or 
depression, by the procedures employed in this study. It may, however, have occurred in
23
120 i
■  Depression 
□  Slope
Phi 1 Phi 3 Pan Total Silt
----------------- ----- Sand—   ——-----—
Soil Texture
Fig. 5. Mean (± SE) of soil textural categories for which significant differences were 
noted (t-Test, P < 0.05). Phi 1, Phi 3, and Pan correspond to standardized sand grain size 
classes from larger to smaller. Clay was not detected in any sample using the procedures 
employed in this study.
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minute amounts as a clay-film on sand particles (Winspear and Pye 1995). The 
occurrence of little or no clay is not surprising given the young age of Sandhills soils (e.g. 
Entisols) and the time required to synthesize and accumulate clay. The overall 
accumulation of fine particles in depressions increases the substrate’s specific surface 
area and thus its water-holding capacity, a consequence that is consistent with observed 
soil moisture differences.
Soil organic matter, comparable in size to clay particles, is another o f the physical 
characteristics of soil that increases moisture-holding capacity by effectively increasing 
the specific surface of the soil. Soil organic matter was significantly higher in 
depressions than slopes (P = 0.0154) (Fig. 6) a result again consistent with observed soil 
moisture differences. As with the fine mineral particles, organic matter may accumulate 
in depressions via wind or with the erosion of adjacent slopes. This accumulation would 
also increase source material from which humic acid would become available for 
leaching into the soil horizon.
In addition to the effects on capillary water described above, soil particle size 
affects other soil parameters, such as porosity and bulk density, which affect gravitational 
water. Porosity, a measure of the pore space in soils, affects the rate and depth to which 
surface water enters the soil profile. Bulk density, a measure of the weight per unit 
volume of oven-dry soil, reflects the combined effects of soil structure and soil texture.
In general, the greater the pore space and the lower the bulk density, the greater the rate 
and depth o f percolation of water that should be expected. In this study, however, 
significant differences (P < 0.05) between depressions and slopes were not detected for
25
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_in
Organic Iron (%) Potassium Silicon (%)
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Fig. 6. Mean (± SE) of soil parameters for which significant (t-Test, P < 0.05) 
differences were noted.
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either porosity (P = 0.0631) or bulk density (P = 0.0635), even though there were 
significant differences in several of the particle sizes analyzed (Table 4). Further, mean 
values for these parameters are exactly the opposite of those expected. Specifically, bulk 
density is higher and porosity lower on slopes, where particle size analysis and soil 
organic matter suggests the opposite should be the case. Many factors may have caused 
this result, such as sampling error or differences so small that a larger number of samples 
would be required to detect significance.
The ability of soil to retain capillary and gravitational water affects other soil 
characteristics, such as pH, electrical conductivity, and leaching depth, as well. Of these 
other characteristics, however, only the depth of humic acid leaching was found to differ 
significantly, extending deeper in the depressions (120 cm) than on the slopes (40 cm) (P 
= 0.0001) (Table 4) (Fig. 7). The presumption that the staining observed reflects humic 
acid deposition, rather than leached organic matter, was based on the presence o f dark- 
colored supernatant water released when washing the depression soils for soil textural 
analysis (Philip Reeder — pers. comm.). Humic acid staining occurs when water, 
carrying leachate from surface organic matter, percolates through the soil profile and 
deposits material that stains the sand grains. High surface organic matter provides a 
source for this leachate. As previously discussed, depression soils contained significantly 
more organic matter than did slope soils. This, in combination with the likely runoff 
from adjacent slopes following rainfall events, provides conditions for both greater 
amounts of humic acid and more water to carry it deeper into the soil. In addition, in 
depressions, gravity moves water straight down through the soil profile, carrying the
27
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□ Slope
200
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Humic acid depth (cm) Manganese (ppm)
Fig. 7. Mean (± SE) of soil parameters for which significant (t-Test, P < 0.05) 
differences were noted.
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humic acid to greater depths than occurs on slopes where gravity causes water to move as 
lateral, unsaturated flow (flow that is more parallel to the soil surface). Thus, humic acid 
staining on slopes does not occur deep into the soil profile.
In addition to the various physical effects on soil characteristics previously 
discussed, water-holding capacity o f soil has the potential to affect both pH and the 
amount of soluble salts in soil. However, despite differences in soil characteristics 
affecting soil moisture-holding capacity, neither pH nor soluble salts were significantly 
different between depressions and slopes (P = 0.2930 and P = 0.8827, respectively)
(Table 4). One explanation for this result is that the coarse-textured soil of the Sandhills 
result in leaching to depths beyond that sampled in this study, this any effects on pH and 
soluble salts could not be detected. Other explanations are possible but none appear 
obvious from the results of this study.
Soil Chemical Parameters.— Iron, potassium, manganese, silicon, and zinc concentration 
in depressions were significantly higher than on slopes (Table 4, Fig. 6). While not 
statistically different, most of the other elements also had higher values in depressions.
The importance of these concentrations to explaining species distribution is not apparent 
from this study, but they may be related to community characteristics such as species 
production or diversity in the Sandhills environment. Accumulations of significantly 
high amounts o f chemicals in depressions may occur for reasons similar to those that 
explain soil organic matter; erosion from adjacent slopes and atmospheric deposition.
High concentrations o f nutrients in the depressions may also be a consequence of
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increased mineralization of accumulated organic matter resulting from the more mesic 
conditions of depressions.
CONCLUSION
Overall, this study indicates that Sandhills depressions support a lower diversity 
o f plant species but a higher cover and biomass than do adjacent north-facing slopes, 
results consistent with the study’s hypothesis. The explanation for some of these 
differences appears to be associated with physical characteristics of the soil, such as 
particle size and soil organic matter. However, the role of nutrients, may explain 
differences, such as in primary production, since depressions contain both significantly 
higher concentrations of some chemicals and greater soil moisture to facilitate plant 
uptake. At a broader scale, accumulations of nutrients suggest that interdunal depressions 
serve as a regional sink for nutrients and other fine, airborne particles. As such, they 
provide a mechanism to reduce losses of nutrients from the generally nutrient-limited 
ecosystem. Furthermore, these patches of nutrients, and the plant communities they 
support, increase landscape-level habitat diversity of the Sandhills. These contributions, 
taken together, suggest that resource managers should consider the impact of 
management, not only on the extensive uplands but also on the smaller Sandhill 
depressions of this diverse grassland resource.
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Appendix Table 1: Coordinates of study plots, distance from depression to slope plots, 
and notation regarding relative depth of depressions. If  no notation is indicated for slope, 
depressions were estimated to be greater than 10% slope. Dashes indicate no data. Plots 
are in numerical order as flagged in the field and indicated on Appendix Fig. la-lc.______
East Plot Coordinates Distance Relative Depth of Depressions
1. 42.7634 N x 100.0172 W 25m —
2. 42.7638 N x  100.0179 W 28m —
3. 42.7553 N x 100.0192 W 16m —
4. 42.7582N x  100.0170 W — very shallow (1-5% slope)
5. 42.7591 N x  100.0169 W 21.5m —
6. 42.7556N x  100.0181 W 23 m —
7. 42.7593 N x  100.0173 W — very shallow
8. 42.7581 N x  100.0179 W 22.5m —
9. 42.7957N x  100.0174 W 19m very shallow
10. 42.7595 N x 100.0169 W 19m —
11. 42.7602 N x  100.0178 W 19m —
12. 42.7618 N x 100.0180 W 27m —
13. 42.7638 N x  100.0181 W 25m —
West Plot Coordinates Distance Relative Depth of Depressions
1. 42.8411 N x  100.2158 W 4m —
2. 42.8414 N x 100.2184 W 4.5m very shallow
3. 42.8411 N x  100.2181 W 16m very shallow
4. 42.8407 N x  100.2163 W 28m —
5. 42.8418 N x  100.2141 W 25m —
6. 42.8409 N x 100.2135 W 19m —
7. 42.8409 N x 100.2140 W 10m very shallow
8. 42.8417N x  100.2153 W 17m —
9. 42.8409 N x  100.2148 W 8m very shallow
10. 42.8404 N x 100.2140 W 25m —
11. 42.8393 N x  100.2143 W — shallow (5-9% slope)
12. 42.8395 N x  100.2138 W 18m —
13. 42.8389 N x 100.2125 W — —
36
Appendix Table 2. Proportion of total plant biomass and functional role of plant 
nutrients and other note-worthy elements, (from Miller and Gardiner 1995 and Morgan 
1999)_____________________________________________ _______________________
Nutrient Percent of Plant Biomass Functional Role
Macronutrients:
Nitrogen 3% Component of proteins, hormones, 
chlorophyll, vitamins & enzymes
Calcium 2% Enzyme function; cell wall 
structure; cell growth and division
Potassium 0.8% Formation of sugars, starches, carbo­
hydrates; cell division; maintenance of 
water balance
Magnesium 0.42% Component of chlorophyll; enzyme function
Phosphorus 0.3% All aspects of growth and metabolism
Sulfur 0.085% Chlorophyll formation
Micronutrients:
Chlorine 0.011% Involved in osmosis
Iron 0.0066% Enzyme function and chlorophyll synthesis 
young plants
Boron 0.0045% Cell wall formation; membrane integrity; 
calcium uptake
Manganese 0.0036% Enzyme activity; nitrogen metabolism
Zinc 0.0009% Component of enzymes; stem growth; 
carbohydrate metabolism
Copper 0.0007% Nitrogen metabolism; concentrates in roots
Cobalt TR Nitrogen fixation in legumes
Nickel TR Nitrogen metabolism
Silicon TR Component of cell walls
Sodium TR Involved in osmotic and ionic balance
Vanadium TR Unknown
Other Note-worthv Elements: 
Aluminum Unknown Affects water uptake; can be toxic
Chromium Unknown Unknown benefit or toxicity
Titanium Unknown Unknown benefit or toxicity
37
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Appendix Figs. la-lc. Orientation maps of research plots. Fig. la  details the western 
plots, lb the eastern plots relative to the Niobrara Valley Preserve Headquarters, and lc 
the eastern plots.
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